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It is well known that the critical issues facing the development of 
economically competitive SOFC systems include lowering the 
operation temperature and creating novel anode materials and 
macrostructures capable of efficiently utilizing hydrocarbon 
fuels. In this poster we report our recent progress in developing 
more efficient anodes for direct utilization of methane and 
propane in intermediate-temperature SOFCs. Some unique 
processes/techniques are being developed to fabricate anodes 
with desired compositions and microstructures. Moreover, a pre-
reforming process was also developed for converting propane (or 
higher hydrocarbon fuels) to CO, H2, and CH4. Preliminary results 
indicate that SOFCs that run on pre-reformed propane showed 
much better performance than the ones that run directly on 
propane. 

This work was supported by DoE/NETL University Coal Program under Grant 
Number DE-FG26-01NT41274.
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(Ni-Based Anodes)
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NiO-GDC/GDC
co-pressing + co-firing process
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Fuel cell performance on methane

Cu/GDC - Supported SOFC
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Current Density (mA/cm2)

 H2      270 mW/cm2

 CH4   200 mW/cm2

 C3H8  170 mW/cm
2
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Cathode: Screen-
printing

Co-pressing and solution impregnation process Microstructure Performance in H2, methane, and propane

Dendritic Cu/GDC Composite Anode
(Prepared by Electrochemical Deposition)

GDC/Cu foam (Cathode: SSC)

50 um

Before (left) and after (right) impregnation of Cu2+/Ce3+ solution

Fuel Processing
(Steam Pre-reforming of HC Fuels)
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Fuel cell performance

Cathode (SSC+GDC)

Electrolyte (GDC)

Anode (Ni-GDC)
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C3H8

after 10 h
C-deposition C3H8

Pre-reformed C3H8 H2
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Pre-reforming of propane

Catalyst: GDC supported on YSZ

Temperature: 650oC

Feed gas: Steam/Carbon = 0.5

Gas composition after pre-reforming: 
CH4:H2:CO:CO2 ≈ 2.5:1.5:1:0.25

Fuel cell: Ni-GDC supported; 600oC
Pre-reformed gas (measured by mass spectroscopy)

Cell performance on fuels
Fuel cell microstructure (Ni-GDC supported)


